Abstract: In this paper, the sy nthesis and char acterization of a GO-hmta compound (GO -graphite oxide; hmta -hexamethylenetetramine) are presented. It is shown that the presen ce of h mta molecules inside the GO matrix, with ve ry strong interactions, stabilize the GO matrix from a thermal point of view. Such a fact could be used to e xplore possible applications of GO matrix, especially in catalysis.
INTRODUCTION
Graphite oxide (GO) can b e defined/identified as an oxygen-rich carbogenic material that is ty pically derived by the strong oxi dation of cr ystalline graphite and contains oxygen in the concentration range 30-40 % (w/w). This solid exhibits an exten ded lamellar structure with random ly distributed ar omatic and aliphatic regions, as well as a high am ount of h ydroxyl/carboxyl functional groups embedded in its la yers. Hence, GO is endowed with swelling, i ntercalation and ion exchange properties. [1] [2] [3] [4] [5] [6] [7] This layered solid decomposes at relatively low temperature (< 200 °C), releasing CO 2 and H 2 O. As a recent exa mple of investigations on the chemistry of GO, the recentl y reported study of the i ntercalation of molecules of poly(ethylene oxide), poly(vinyl pyrrolidone), methyl cellulose, poly[oxymethylene(oxyethylene)], and poly[oligo(ethyleneglycol oxalate)] into GO can be mentioned. 8 Possible usages of GO in catalysis have also been reported. 9 It was verified that the forces of attraction between the polymers and GO are primarily di pole-dipole and/or h ydrogen bonding arising from the polar grou ps in the polymers and the functional group s (COC, COOH, COH, an d CTO) in th e GO. 10 Furthermore, it was verified that the addition of a small am ount of dilute NaOH resulted in depr otonation of the acidic functionalities, which caused exfoliation of the lay ered structure. 10 It w as shown 10 t hat GO is able to rem ove ammonia by two processes: intercalatio n and reactive adsorption. It was found that the total am ount of adsorbed amm onia was significantly h igher than th at adsorbed on activ ated carbon. In an in teresting interplay between GO and o rganosilanes (which are extensiv ely used to modify amorphou s o r nano structured oxide surfaces), there is report 11 of the preparation of intercalation compounds in which amino groups were i nserted into t he interlayer space of GO, using 3-am inopropylethoxysilanes. For such compounds, it was shown that the amino groups of 3-am inopropyltriethoxysilane were bonde d to t he h ydroxyl gr oups of GO. It was also found that the temperature in wh ich the int ercalation occurred affected the interlayer distance, wit h larger di stances been observed in products obtained at higher temperatures. On the ot her ha nd, it was shown that i nteractions with organic species can be use d as a strat egy to promote remarkable structural modifications in hybrid solids. 12 In the present paper, the s ynthesis of a GO compound with hexa methylenetetramine (hmta) is reported.
EXPERIMENTAL
The graphite o xide wa s prepa red as follow s: 230 c m 3 of 96 % sulfuric acid was tran sferred to a 3.0 dm 3 Erlenmeyer flask whi ch was cooled to 0 °C (ic e bath). Graphite p owder (10 g; Aldrich) wa s then add ed to the flask under mechanical stirring. K MnO 4 (30 g) was slowly added to the dark mixture with care being taken to maintain the reaction mixture below 20 °C. The reac tion mixture was then allowed to cool to 2 °C a nd stirred at room temperature for 60 min. Then 230 cm 3 of deionized water was slowly added to the system, whereby a rapid increase in te mperature was o bserved. The react ion mixture stirred for 45 min, after whic h 230 cm 3 of dei onized water and 130 cm 3 of 31 % H 2 O 2 were added. S ubsequently, deionized water was a dded to the sy stem until a total volu me of 2.0 d m 3 was achieved. After standing for 72 h, the G O particles settled to the bottom of the flask and the exce ss liquid was withdrawn. The re maining liquid and solid particles were transferred to centrifu ge tubes and centrifuged at 6000 rp m for 3 min. All sa mples were washed se veral times with deionized wat er and the su pernatant reacted with a solution o f bariu m nitrate until a negativ e test for sulfat e was achieved.
The wet powders were then dried at room temperature in a fume hood for 72 h and then at 30° for 3 h in an oven.
The GO intercalation compound was prepared by magnetically stirring (3 h) 2.0 g of GO with 50 cm 3 of an aq ueous solution prepare d by dissol ution of 10.0 g of h examethylenetetramine, hmta (Aldrich), C 6 H 12 N 4 (1,3,5,7-tetraazatricyclo[3.3.1.1 3, 7 ]decane)*. The co mpound settled to the b ottom of the flask an d was filtered off, washed with dei onized water an d dried at room temperature for 72 h in a fume hood.
The CHN el emental analysis was perfor med using a Perkin-Elmer instrument, Bomem, model MB 102. The infrared (FTIR) spectra were recorded on a Bo mem instument using the The ele mental analy sis r esults ar e summarized in Table I . Based on the nitrogen elemental analy sis result, it can be calculated that the GO-h mta matrix contained 123 mmol of hmta per gram of sample. The obtained FTIR spectr a are shown in Fig. 1 . In the spectrum of GO, bands at 3450 (OH stretching), 1654 (COOH), 1383 and 1058 cm -1 (COC/COH) The significant shift to l ower wave nu mbers of these bands, due to stretching of OH, COOH and COC/COH groups, shows that there were strong interactions between these groups and the hmta molecules, probably by hydrogen bonding. Taking into account the symmetric nature of hmta, the structure of which is shown in Fig. 2 , it can interact simultaneously with many sites in the GO matrix. The thermogravimetric curves obtained for GO and the GO-hmta compound are shown in Fig. 3 and t he TG data ar e summarized in Table II . The data given Table II ve rify that the presenc e of hmta molecules inside the i nterlayer space of GO promoted stabilization of the matrix, since pure GO lost 80 % of its mass in the 150-160 °C range, whereas even with the hmta molecules, the mass loss in the 125 to 700 °C was only 39 %. The corresponding carbon residue increased from 8 % for GO to 49 % for the hybrid matrix. It is notewort hy that the therm al degr adation profile for GO sho wn in Fig.  3a , with two mass loss steps, is co mpletely different from those p reviously presented. 8 In that study, three distinct mass loss steps were observed at 40, 185 and 433 °C, assigned to the release of water, CO and CO 2 , respectively, with a final residue of approximately 5 %. This discrepancy can be explained remembering that the elemental analysis results were also quite different in bo th cases: C, 47.16 %; H, 1.72 % , and O, 40. 27 %, giving to the GO samp le the form ula C 8 H 3.5 O 5.1 , 8 whereas in the present work the results were C, 39.7 %; H, 2.6 %, and O, 57.7 %, giving the formula C 4 H 3 O 4 . Hence, the oxygen percentage of t he matrix prepared in the present study surpassed the "usual" 30-40 % for GO. Such a difference in composition can be attributed to t he larger volume of H 2 O 2 used in this study in comparison with the previously described preparation. 8 Thus, in the present GO compound there were equal am ounts of C and O. However, if one takes into account the final carbon resi due of 8 % after the ther mal degradation and recalculates the carbon percentage based on this, the formulae C 3 H 3 O 4.5 is obtained, giving rise to the thermal degradation process:
Analysis of the thermal degradation profile of the GO-hmta matrix gives more interesting results. The carbon percentage is increased from 39.7 (GO) to 53.0 % (GO-hmta), a difference of 13.3 %. However, after thermal degradation, the final carbon residues were 8 (GO) and 49 % (GO-hmta), a difference of 41 % . Hence, by comparison of the TG curves shown in Fig. 3 , as well as on these carbon residues, it is c lear that the presence of hmta molecules change, i n a re markable way, the thermal degradation profile of GO. This is a very uncommon effect in lamellar matrices. In lamellar MoO 3 for example, [13] [14] [15] [16] [17] [18] after the release of the organic moiety, the lamellar matrix exhibits its "normal" degradation processes.
Taking int o account that hm ta sublim ates in the range 285-295 °C, 19 it is valid to assume that in the te mperature range covered by the TG curve, all the 502 de FARIAS and AIROLDI hmta molecules had left the interlayer space. Hence, the mass loss steps observed in the TG curves for the GO-hmta matrix are assigned as shown in Table II . Such a proposal suggests that af ter the rele ase of phy sisorbed water molecules, the r elease of C O and H 2 O from the GO matrix not inte racting with hm ta molecules commences but that this is interrupted when the decom position of the GO parts that are interacting with t he hmta molecules begins. Thus, the presence of h mta molecules inside the GO matrix, with very strong interactions, increases the thermal stability of the GO matrix. Such a fact could be explored to investigate possible applications of the GO matrix (in catalysis, for example). In the range 225--700 °C, hmta and GO d ecompose slowly: the GO parts deco mpose after th e release of h mta molecules, i.e., the main step (rate determ ining) of the thermal degradation is the release of hmta molecules.
The obtained X-ray diffraction patterns ar e shown in Fig. 4 , fr om which it can be seen that the crystallinity of GO is enhanced after reaction with hmta. Fur- 
